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'FOREWORD

Operations (Manpower, Personnel, and Tramlng) (OP- 01): The objectxve of the subprOject
is to develop technxques for analyzmg hardware/software/personnel trade offs at all
\stages of system desxgn. The ob;ectxv\e of the hterature review reported here was to
determine how hardware design engineers perceive. the relationships between system
design‘charaeteris’tics'and skills of system operator ;and\rﬁa‘ihténéﬁéé is‘érgaﬁﬁéi;

_The literature review was conducted in 1978 and subsequently used to; prepare a draft
version of an engmeers guide titled "Desxgnxng for Human Skills in Navy Electronic

Systems " Further development of this guide was abandoned in favor of a related guide

study, resuitlng in pubhcatron of An Engineer's Guide to the Use of Human.Resources in

E_lectromc Systems Besxgn (NPRDC TN 79-8) and an evali}‘ati'on of that guidé (NPRDC SR

81-3). The literature review is being documented at this tir\r\ie so that it can be distributed

to the research community. : - \ :

eV
The contracting officer's techical representative was Mr. Ernest A. Koehler.

RICHARD C. SORENSON
Director of Programs
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- 7 SUMMARY |
\  Problem - | S S o .S

"

- As new man- machme systems are deveioped for the Navy, the demand for ‘hlghiy .

/ ‘ quahfled and skilled personnel to operate and maintain them 1nereases. This 1ncreasmg- 5

i

. demand requnres ‘more efficient utlllzatlon of persOnnel at a time when the Navys suppiy - -
‘ ol

-

operator and techmcnan ratlngs. Consequently, the requnrements for stch skllied

?

equ1pment and .system desngns. - Since comp,etlng desngns are normally compared by the .

, hardware development community during trade-off studies, tools are needed to assess the

-

personnel implications of designs being considered. * ’ A

LS L ’ . - !

. H . . . N

Q_bi% : ’
. .

u

the reiatxonshxps between system desngn characterlstlcs and skills of system operator and

maintenance perSonnei . Con : .

- Approach R
. - Rétént Stijdies conducted b"y the human resources research 665&3&6&’;; iiiéEé-Eéiiié’v’v'- -

' measurement of skills, and (1&) the presentatxon of human resources xnfbrmatxon. o '-4 :

Flndxng _ C : '_:’, S

\ . ; : -
. s . -

1. Englneers were responsnve to;human resources constraints when such constraints

- .
A

’ roon \ v 2 . n - " _
- were presented as desngn requnrements. . \ ‘ L . v\ \i
Do ; ' - ; T B X

;2; The engineer's design is influenced by the amount |of human reso‘urces data - -

N <

\ , .r
3. Engmeers responded more posxtxvely to human reSources’ requxrements when

®




. 1tsel£ and-lts presentatmn. fi = ’ L ‘ o0 i

Conclusmns

) to de51gn englneers is well recogmzed its solution is not cjearly definable.

. englneers are not readlly 1dent1f1able.

i, The trade= off process in systems desrgn depends on the personal styles and‘

jgdgmentsx)f the en/‘glneers., T R : A . ‘:f,‘

o 5* ) Engmeers consnstently ranked human resources data as iess 1mportant than other oo

-

A} .
. 1

asPects of system design: ',

;s ‘
6. The des:gn engmeers' iack of concern for- human resources data der:ves partly -

from thexr educatlon and exper:ence, and partiy from the 1nappropr1ateness of the data

“
. S

- © e I

1. Although the magmtudé of the problem of commumcatlng human resources data

é., The types of data requxred for commumcatxng ‘human resources 1nformatlon to

-

Recommendatlons <

1. In. deﬁmng the techmques needed to commumcate human resources data to_

" <

deslgn engmeers, research should be dlreoted foward developlng a better understandlng of

'. v

-

- °
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L . INTRODUCTION,

Ptdblem and BackgLround ' .

\ R
Manpower has become the most expensnve component in the Navy's 1nventor3,l AS,, 7

3

.neyver, more advanced systems are developed, even more. hlghly quallfled and skilled

pérsonnel will be needed. : A5 with any limited resource, increasing dernands will

«

necessitate more efficient utilization, adding two considerations to the design of new

systems: personnel numbers and skill levels. * S

The number of personnel requ1red to operate and maintain a system is somewhat

independent of the system's level of automation’ because increased aUtomatxon Féaocés

operator needs but increases malntenance requirements. System efficiency is achieved

by judi’ci'o”u'sly trading off the degree of sys'cem automation with the sktll levels operator:

. ‘p
Personnel characteristics requnred to operate the system at a criterion ievel of perform-‘ -

ance may “differ substantially from those requxred to maintain and support the system.

making more effective trade-offs during the 'désigh' of the system. '
If skill is éaﬁgiaé‘?éa asa camrﬁoaity 'o'ljtain”é'd by appiying a proéess::training::to a

forms of capltal em'ployed in system development. Models to quantlfy skill in the

consnder personnel skill slmply as a multxdlmenslonal equ1pment parameter if a functlonal
rélati'o'n’Ship’ can be eStablished:between system attributes and required personnel skills:

The 1mportance of personnel skills to- overall system effectlveness is presently

Y

"'_rece1v1ng qonslderable attention in system de51gn and development because the acqmsx-

tlon, development, and retent;on of human resources contrlbute greatly to the system life

7




requxrements are often 1ntroduced late--or not at all--lnto the System desigo and

development process, for various reasons: .

l Lack of ‘effectively quanttfted data for use early in the _design trade-off stages L

of sy5tem developm ent.

2. Lack of a conven1ent vehicle for dehvermg these _data to the user in a readliy

Uéahie form. = o ) : '

3. The limited communications between the many specialists involved in making
‘system decisions. -
' The pomt at wh1ch 1nputs regardmg personnel SRl“ are 1ntroduced into system de51gn

i 1s critical: Askren (1973) reported that thespreferred polnt of entry is durlng the perlod 1n
which system ‘de51gn' tr’ad’eioff decls’lons’ are made. This perlod is also a good time for
effective communications between tlhé\eﬁigineering’, and human factors sp’écialists.

Three in’terreiated ";Srob'ie'm's apoear to be responsibie for personnei skiiis in:fo'r'rn"ation

 __a_

to the design and deveiopment of Navy systems.
Objective ‘ _ - ; 'fe‘ )

The ijéctiV(e of this effort was to,detérrnine ﬁawﬁaEaa—;aEé design engineers percei;ve R
the relationsHips between sy'stém:désigh ehsfat;téiistiés and skills of system operator and
maigtéhaht:é‘pérsahhél. : T - - N

APPROACH - ‘ S
. , , B
Studles conducted by the human resources résearch commumty were reviewed: " As

thé nt__,é'réturé search progressed, it became evident that four apparently disparate

research aréas weréeiﬁ fact diréctiy related to the a’réés being a'd'd'réssé'de e

"l. Research conducted byvthe Air Forcé and other agencnes on the de51gn process

and the 1nformatlon needs of de51gn personnel B ';

B

LN

N

_ -

meermg or dESlgn requlrements. The '

‘




" 7 /
2. -Research describing job performance.
3 -R'eéearch ‘conducted on the analysis and ﬁeaéuﬁerﬁ_ent of skills: :
4 Research regarding the presentation of human resodrces information. R
7 LITERATURE SEARCH..
Impact o'f Human Factors Data on DeSighS and De51gners v -
7 Mexster Sulhvan, and Askren (1968) found that "manpowu qUantxty and personnel
;, ‘; skxll con§tra1nt data 1mpact the equxpment conflguratxon." This fmdlng, Wthh‘Was based *
~on detailed case studxes of the de51gn process presented to a nun:ber of skilled. engmeers, .
) Supﬁditéd p're{nbus research regardmg lhfdi"h'iétlbh Utlllz'atlin' éhd the t)fes]gh p’r'o'ces’s]
;‘ | conducted by Meister and his associates (e. Bes Mexster & Farr, 1967 Meister & Sulllvan,

'1967); and “Gthers (e. g Eastman, 1968; Forsythe, 1969) In a »fqllow—on study_, Meister,
,Sullivan, Finley, and Askren (1969a) found that "the--_amount .and timing of human

resources data inputs do exercise some i{nfluence on the engineers' design." They went on’

to sta;te that the "type of requxrement 1mposed (skul level versus quantxty constraints)

made a\difference to the engmeers.?n'\ Bunldmg upon the results of the prevxously cited
. . ¥ . - 2
study, Mexster Sullxvan Finley, and Askren (1969b) exarmned the concepts of manpowe‘r

o

and xts:component parts”(skill; rurnber of rcoclc, experxence, etc) as they related to’

system/eqmpment design of the same group of engineers. In the1r summary, they state
~ - q | |
that: _ E 7 s _'fk
R S T "‘
istics such as test pomts internal con‘ponents checkout and trouble-
shooting procedures, and type of test equipment rcqu'ired to the skill
' level of the mainienance technician. ... The engiReer's concept of
skill level - is rthore performance-oricnted th:an that described by

Axr Force Specxalty Code desxgnators. . R

Askren anid hi_S associates CthIUded that -engineers L’i’n”d't’héhégér%rés'ist considering .- #

or

" man, with his various attributes and costs, as a-fardware désign constraint (Askren, 1976).

Al

The hypothesis was established that manpower-related factors would be accepgable to. -
» i R N . ; i . ) .
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{Askren, 1976). For this}concep’t to becohe operational, the design process itself had to
be examined, and a new way of influencing the design process established. This gave rise.
o the series of studies b'y Askren and his associates begun in 1970 (e.g., Lintz¢ Askren, &

Eott; 1971; Askren & Korkan, 1971; Askren Korkan, & Watts, 1973; and Whalen & Askren, ’

SRLTZ S ~ - o -

Lintz et al (1971) found a negative correlation (-:32) between utilization 'o’lf“(hum'an'
resources (HR) dafa By ééigﬁ engineers and experience (see Askren;, 1973): The§ also
found that' HR data related to costs and numbers were considered almost three times

_ more valuable than data related fo "skili type” or personnel availability (see also Whalen & -
Askren, 1974). In their conclusions, Lintz et al: (1971) state that design engineers will ! |
include FIR data in engineering design frade studies and *hdt the trade-off progess is very -
mitich dependent on the personal style and judgments of the engineer” (Whalen & Askren,
o78). . S S

In a summax:gg_j work sponsored by the Air Force between 1968 and 1973 Askren )
(1973) stated that before HR data could be effectlve, it would be necessary to provide R

data to the engh \eer regardlng the effect on man of "choice pomt alternatives" in the

.system de51gn process. Askren an Lintz (1975) contradicted this statement in their

e

conclusions regarding the sime work., Their engineer subjects did not agree on the, yalué

of any trade-off study‘parameter—, including HR data. N'o"n"e of their é’u’bjé’ct’s ever

| - requested HR data for use in solvnng the problems presented. Flnally, no distinct 1mpact

- 2 b} g
‘1o for mcorporatmg HR data could be determitied. ‘o
v Whalen and Askren (1974) attempted to 1dent1fy and classnfy those aspects of the

~ ) desngn trade study process that have, "high potentnal 1mpact on human resource require--

ments." They generated the hypothesns that "the greater the technologlcal dlsparlty

Betweeﬁ trade’ study design alternatlves, the greater will be the potential 1mpact of the‘

.desl;gxu decision on human resource requirements:" When _englneers were asked to Judge

the "tethndidgiéai disparity" in trade studies that had ngéaa’y’ been )udéed to be “high‘; or

"ow" 1n {heir impact on human rjesdurces, tfﬁs Ih’yf)()thesis was suf)ﬁ()rted; i
JE . i)
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“ ,iv-" : : . s o . . 7 7 R
I a related study,; Askren gnd his associates explored methods for “describing and

¥ . influencing the design process. Askren and k'o"rkan (1971) Conducted'an extensive r’é'v'ié%v

dcvelopcd the design option dec151on- tree (DODT) COncept as a means to predetermlne the,

- _desfgn options available to the engmeer as he progresses through a dc51gn problem. The

7

| ratlonale was that, to the extent that design decisions coold be determined in advance,

the relevant types of HR data Could be aérqmred and presented to the englneer before he

-

made his dec1snons. The DODT was trled as a "graphxc means of depicting the sequence of

.'englneerlng decisions re-qulred foﬁesolutlon of a design probiem," and was judged by elght
'
englneermg subjects to be a "feaSIble and vahd method for antlclpatlng and descrlblng

system desngn trade—-offs" (Askren & Korkan, l97l) -

Subsequently, Askren and hIS assoclates set out to "explore the feasnblllty of,j

developlng desngn option decision trees to a level of detall that shows hardware mvolved

1n maxntenance—operatlons, and to measure the sensntnvnty of dlfferent types ‘of human

resources data to/dxfferent desrgn trade-off problems depicted in these trees" (Askren &

K

Korkan, l97l4) In summanzmg the results of that effort Askren (l976£states.

>

_ it was found that DODTs can be developed to the malntenance level
- . of detail. It was-also found that the factors of training and
'~ experience; amount of maintenance time, and ease of maintenance
were most affected by Rch01ce of design optlons in the . trade—off
problems. , ) :
(]
WHhalen and Askren (1974); Potter,-KorRan, and, Dleterly (l975b) ‘and Poternpa, Lintz,

l

~and Luckew (1975) all explored means for determlnlng the 1mpact of desngn dec151ons on

v

various HR parameters. Potter Korkan and Dieterly (1975a) concluded that no satlsfac-.

tory" technlque for measurlng the impact of projected technological developments on HR'

"'as vailable. However, in:a summary of the Whalen and’ Askren (197#) study; Asken

(;lé?élfoundthat: ’ P o / _ 7

(Alr Force mamtenance technicians) can make reasonably accurate .

;. estimates of the amount of time, the Air.Force ogcupational specnal-

I

. S ty, the levehof technical skill; and the number of personnel.needed to A

perform field maintenance tasks. e oo ;

g

and analy51s of the llterature related to the descrlptlon ‘bf human dccnslon processes, and O



e
oo :.,

-

l

’ These conclusrons are loosely supported by the orrglnal study Potempag‘t ai. (i975)

.y

_certain personnel characterlstlcs (e.g., aptitude, educatlon, etc. ) wi’%h performance durxng”:,_r L

the training course andion'the}ob’ The inputs to thHese models were. the JUdgments,

"ratings; and. rankmgs by students and instructors ::;;;plnlng course performance, and

those of mamtenance supervnsors for Job perform Fhey concluded that HR data

¢

performance) and maxntenance—related desxgn charactertstxcs could be used- to %redlct job

performance; All of these studies have, however attac ¢ d the roblem from the same

'v1ewpoxnt, and none give enough tnformatlon -about” the 1mpact of the technologxca.l :

aspects of a desxgn on the man portlon of a man—machlne system; or the desxgn englneer

v'himseif and his modes of operation. What Askren and hts assoc1ates appear to have done

-

is 0 develop certaln methods and techmques for descrlblng the de51gn process (e. 2. the

DODT) They also developed methods for acqumng certa1n Rlnds of HR data reldted to

malntenance from personneI who ma1nta1n exxstlng, systems/equlpment w1th funct;onal

- ®

- characterlstlcs snmllar to"those of the system bexng _desngned.,
. \ ) >

The first of these methods is predicated,on the view that desi,gn is a logical’-decision- N

' -

maklng pfocess in which the desngner "methodncally” makes a sgrles of desngn choices

(Aeren, 1976). The second,- Wthh follows from the fxrst is-that the data for the dec1snon‘

process must be gathered in a manner that is responsiye to the specific alternatives at

each declslon pomt. Inherent to this concept is the model of the: suppher of HR data as'an’

1nform”d ally of the desngner, or even as an active part1c1pat1ng member of the desxgn'

team. Thls contept .which the authors whoieheartediy support, is all too rare.

Another concept of the design process is that; with ail of the pressures,— conStraints,v

* . .

designing, documentmg, and selling systems/equnpment, those system aspects deahng w1th""

t,

E\éﬁ are given rather low prxorxty In the studies by Melster ‘and his assoc1ates (l968<

~

12

L4l
aN .

P



N
: P
< o ]
, [N
| ' - < .
| . -
s . X X i . .
. - . ) : L _
o ’ L e . . ‘
. i i A |
V ’ ' ’ 2 e, X . ‘
. ’ - : ‘
B : IS
’ . . . T [ i K .
: [N . .
. d o
o T y L . ) . 0
.- N - ‘ .
° - v
. o
. : - —
Iy . . . ‘
PR "
‘ : ’ ) [
. - -. 3 . . . b
. “
. ; |
.. - o ’ .
' a “ - . .
.- -
— ‘ N
. " ) ‘ : | |
e ) - : . -
. - | |

sl

.
e |

.

o a o . . ‘ o |
w ; V

E D L S . _

‘ A B R ) ‘ .
. , ] ‘ | ;
: - 7 |
' ' ' - N )
N -7 . - . I




. ) - R Y ) /
system/equipment design. ._Th fg _are probably many reasons for this lack of concern for

the personnel who operate and maintain the systems. There are strong indications;
however, that one reason is the inability of HR specialists to select and present -
information to meet the input requirements of the engineers who have diffé?iﬁg' education

“and 'exp'e'ri'en"c'e; Askren (1976) asked the question: WWhich process (approach to desxgn)

. N
¢ ~\~v-‘

wnll a given engmeer follow for a given desxgn”" He answered.by stating:

The answer seéms dependent on a number of factors such as the R

training of the engineer; his persona] style, the nature of the design

problem; ‘the time available to complete the design task; and com-.

pany-and management design phllosophy.
The previously cited 'studies (e:g:, Meister et al:, i’9"67l-i97"6'§ Aék?éﬁ & Korkan, i97.i ;
J974; Lintz et éi_:;‘i97l§ Lintz; Lay, Brock, & Potempa, 1973) have led to several attempts
to develop and format human factors (HF) and HR data into handbooks (Devoe, 1963;
Meister & Sullivan; 1969; Parker & West; 1973; Reed; Shydé'r; Baraﬁ, Loy, dc Curtm, i975§
VanCott & Kinkade; 1972; Woodson, 1954, i%j. The fact that these efforts have ot
- induced engineers to use HR data in their designs is attributable to several prominent
factors. In the series.of studics conducted for the Alr Forces Human Resourcés
Laboratory (reviewed in Askren 1976) it was found that
1. E“ngmeers : responded prnmapg_l_y“ to  design 7_l,.n_.p:qts. p:rt_:Séhtt‘:d as spccmc ;dCSigh;
requirements. | » S o e o
' 2. Enginecrs will respond to Manpower q’uﬁn’tity skill level data 'pif'es't:i;'t'cd in an
understandable manner..: . | ' o . |
3 Détn preSentcd as design requireménts had a stronger impact upon 'd"esig.h‘
s cngmcer acceptancc and subsequent performarice than dld data prcscntcd tls mformatmn* :
b Certam maintenance deslpn characternstncs arc pcrcelvod by d‘edlgn cnpmecrs.as
bcmp more strongly affected by the skifl Tevel of mmntonancc pvrsonnei than: tre” other-; |
\i 5. Engineers and design manayers were most hkely to ln(:lud'e HE or. HR “data as

_ 5 , ,
system inputs during desipgn tmdeoff studies. At that timc, ml'ommtlon related to



€

. . -~

“personncl costs and manpower quantmes was given more "welght" than was that related

S skxll t"‘bes skill levels; or pcrsonnel avaxlablhty ’ v:v '-

The ihéfféttiVéhéSé of 5;&%5&5 attempts to present personnei skill data and related

manpower mformatxon to design engmeers must be txed to two defxcnencxes of the HR

* data bases themselves: (i) skxii is a relgtively inexact concepi in the behavioral sciences

and (2) there are almost no data regardxﬁg the e engmeers concept of skill:

'Alterh:itive Approaches to the Description/Definition of Personnel Skill

Fleishman's (1967) definition of skill as "the level of proficiency on a specific task or
limited group of tasks" was used as a basis for this research effort because it is more
closely related to the operational uses of the term than are those défih’itiéﬁé that limit
skill to péychom’o’,ﬁer abilities ('e.g., BUhhétte; 1976). Skill must be consndered in hght of
work performance (operations or maintenance) _wiih*m the 6rgamz\atio'hal environment
provided by the Névy‘s;missions.

Researchers interested in human ieaming have exerted signiﬁcant éffbrts and time to

“understanding the nature of mtelhgence and other human abllmes related to performance

during learning and work. These efforts have produced an enormous volume of tests of
"‘cﬁi_ifférerif“v human abilities. (See Finley, Obermayer, Bert’o”rie, Meister, & Muckler, 1970,
for a discussion of this researchs) :

In aﬁy type ot/rescarch, mc:ludmg that mvolvmg the ClaSSlflCthlon/analySlS of human

performancc, x'nvestxgators are prone ‘to use taxonomlc schemes. Taxonomxes are usually

. -X~ A ‘:'9\

.propertics or attributes: The most crucxai probiem ln taxonomy dcvolopment of coursc :

is tiié.;i'ctli:ii 'cﬁ'csi'cé of the attributcs Ioriﬁihg.tho basis of the classification s;éﬁéaé;

liimtcd ared ... ; or wé may look for a system from. whrch a variety-

. | ,, 14



N .
of apphcatxons may stem: ::. Where broad task classification sys-

. . tems are developed as autonomous structures, which are only some
time later to be apphéd to other variables; the classification exercise
is an integral step in' the development of theory: The resultant.

system provides a consistent éonceptuai framework; the elements of

which eventually are to be used.in the‘lnterpretatlon or prediction of

R human performance:

Three interrelated approaches are avallable to describe and select concepts of skill or
'skill‘attrlbutes that interact with equipment desngn: (1) an’ exlstlng aptitude ow ‘trait
system (e.g., Fleishman's set of psychomoter aptitudes), (2) task descriptive data (e.g.;
NOTAPS information); and (3) designers' own concepts of skills. Outcomes from any of
 these approathés must be related to their impact on specific dimensions of hardware and |

system desngn.

- M.élster and Mills (1970), in evaluatlng the alternative approaches avallable fOI: the

, ’
ClciSSifiCdtion of humah pé'rf’o"rman'c'e, state:
Previous taxonomic practice has been to develop a a-priori sic
classnflcatlon and to attempt to force—flt the behavioral phenomena

Four conceptual approaches to the description of tasks are described by Barret,
Dambrot and Smith (1975), and Fleishman (1975):

l. In the bebaw;cal_descmphon approach, tasks categories are based on observa-

tlons and descrlptions of what 1nd1v1duais actually do while performlng a task: The

EosuronAnaJy&&Quesnonnaxre wherexn Job and task performance are observed and rated

1972).

2:  In the behavioral requirements approach; those behaviors assumed to be required

"to pertorm given tasks ‘are catalogued /\lthough a number of efforts have been d1rected

' toward 1dent1fy1n;, and rodlfylng the 1ntellectual and physncal procc'sses by which tasks get

accomphshed these efforts generally have been uscd to categor;ze behavnor w1thout any

systematnc effort at vahdatnon. The ratnonally estabhshedﬁclassnf:catnon systems develop-
" ¢d by Berliner; Angell, and Shearer (l97f4) Mlller (1976), and Chrnstensen and Mnlls (1967)




are ‘examples of this approach: Barret and his associates (1976) found that”tﬁé ratiohaii'y

I

formulated task taxonomxc systems developed by usmg this approach fiuctuate between

describing tasks and their behavioral anteoedents: They state that tﬂs approach has "not

¢ . ' ’ a

power:"

3. The ability requ1rements approacH is defined by Fleishman (1975) as being similar

in many respects to the behavioral requirements approach already described, He states
that it*differs "primarily in terms of concept derivation and level of description." He gbes
on to state that "the ablllty concepts are emp1r1cally derived through factor analytic

studnes ‘and are treated as more baSlC \Jmts than the behavior functions." Fleishman

.

expressed his belief that thls approach can prov1de an 1ntegrat1ve framework for.

et al (1975) state that "tasR taxonomies, based on the abilities approach, have been

' ,effECtive in laboratory SEttih’gs. Fihdihgs have not been validated in field studies;"

4. Fleishman (1975) defined the task characteristics approach as "predicated on a

P

definition that treats the task as a set of conditions that elicit performance: ..: Having -

adopted this point of view, appropriate descriptive terms are those that focus on the task
per se. The assumption is made that tasks can be described and differentiated in terms of

: intrinsic, objective properties they may posségg;ﬁ An ,éi(’amp’ie' of this approach is th"e’ 'W'o"ri{

.

ability requirernents. | ’ .

In reviewing the utlilty of the various approaches to the classification/analysis of
human pérformaﬁce; Meister (i97i5 states: "Iﬁdéed; it is cohceivablé that no universal

I

He fii&ﬁé; states: "The Sijitability of a task descriptioh dépéhds on the purpose for Which
it is being developed."

Dunnette (1976) concludes: . . i

16
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Studxes of aptltudes and skills on the one hand and work perfqrmance

“on‘the other: have apparently yielded two quite distinct taxonomic,

JE ot N

worlds--one based mostly on standardized test responses; the other

- —___ .= .

based mostly on the ,study and descr1ptlon of .actual work perform— ,

ance. . : - _ k

far, no one has derived behavioral taxonomy m1dway between the rworld of work and the
world of human attributes.measured via standardized tests and ihiéit'drié's_."
Sucha taxonomy, which would be 3 useful framéWbrk for studying the designets'

concept of‘skil-l unfortunately, does not exlst. However, the research does ex1st to

'of the term skill and its compon}'ts, a‘nd ‘the . relatlonshlp between these concepts and

various aspects of hardware design can be d&fmed ,t’hen 1t should be possible to locate

data on those concepts that engineers co‘uld use in the design process. Based on the

literature revxewed hereln; it appears that a combination of the last three approaches

would be most favorable to the ob]ectxves of this research effort’

A review of the prevxous research related to englneers' understandiné and use of HF

~

(eg ; Melster et al., 1967- 1969 .Reed et al.; 1975 Eintz et al;; 1971; Meister;, l976)

reveals that the methods employed have been of three types. First; in the'strdctored'
desxgn exercise, or simulation, a desl-gn problem der1ved or selected by the researcher was
presented to the individual engineer for solution. The 'r'n'aj'o”r variablé's in tHéSé studies
(eig:; Meister & Sullivan, 1967; Meister et al., 1968; Eastman, 1968; Lintz et al.; 1971)
were type and the presence (or absence) of HF or HR data made avallable to the englneer )
subjects: | | o

In the second method, engineer §dBjéEE§ were presented with selected typ"ei of HF or

HR data. Typically; this information had been extracted from existing HF %ot HR data

]
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R ' documentation (see MeiStér & FS’EF; 1967; R’agérs & Armstrong; 1977; Rogers & Pegden;

.,-4.

.1977) or. from proposed formulatlons of this type of Informatton (see Meister & Sulllvan,
~ . 1969; Mexster, 1976) The var1abies in studies usmg this method were the types ’o’f,.
mformatlon provnded and the means by which they were presented to the user Usually .;’
) measurement con51sted of assessmg the users' preferences for alternatlve. formats, and

the1r abxhty to extract the "ecorrect” mformatron from the Tvalslous types - ofv.da;ta e

presentatlons* . : : S : 2

‘In the thxrd method various groupso of "experts" were asRed about the 1mportance of
® certam human-englneermg or HR factors on system desngn or operatlon (see. Whalen &

Askren; 19745 Blanchard 1975' Potempa et al.j 1975). The bulk of the efforts ,employmg .

- i
athis method have been condu;ted for the Air Force by Askren and hlS associates. They

_demonstrated that operatlonal personnel (equ1pment operators and ma1ntenance personnel) '
.can estlmate ‘the 1mpact of certam “types of system/equlpment charactenstlcs on. the
numbers and types of personnel requnred (Potter ‘et als, l975b- Potempa et al;, 1975
Whalen & Aeren, 197@) They also showed that engineers have consnstentiy hmlted their

,,,,,,

,'system/equlpment operatlons 6r maintenance (Meister et als, i969a, l969b Blanchard, '

1975; Méister, 1976)':,-‘16 a separate area, McCormick and ‘his assocnates (1972) employed

the same method to assess the extent to which job desngners use HR- type data.

Previous Design Guide Research

In summarizing hrs revxew of the Alr Forces work on the use of HR data m desngn,
|

Askren (i976) makes several pomts related to the nature and direction of the proposed

effort He states:

£l

The- overrldmg fmdmg th oughout all of the research. has been’ the
feasibility and practicality Yof using human resources data as criteria
in engineering design studieg. Quantification of the data is possible.
Engineers accept the data. \Input points to the design process are -
available.” And the quality of the human data is often as good as the |,
quality of the engmeermg data, _especnally m early conceptual de51gn
studies. e
o S ) . DT » .

S




A wide variety of human resources data were found to be useful
o criteria in design studies. This included such “factors as manpower
e , ; ql_iantity,' technician skill level, ‘technlcxan job spec1allty, personnel

N : dlfflculty, and personnel turnover rate. The sixth study (Aeren et

: ; 1973) found that the type of data relevant to a particular de51gn
problem is a function of the -nature of the design studies. It is

critical to provide the engineer w1th data that is most releVant.

These conclusxons support thé3 results reported by Melster and Farr (1967) .and

: Me:ster and JSullivan (i969a, 19695) and are. expanded by the flndlngs reported in Meister's

-
-

1976 study, which assessed the effectxveness, utzllty, and acceptabllxty of the prototype‘
: 'VHR data handbook developed by Reed et al: (1975) Melster found that the development

?and presentatlon of HF/FlR data to deslgn engtneermg personnel produced the followmg

Vconclu51ons ] _
.. 2 ‘v B ,,1 B

a. ’ System development personnel cAn use the . prototype handbook

to make significantly more correct decisions than. without the-hand-

‘book. Engineers have greater: conftdence in declsxons madé with the
- : - prototype handbook than without it:,

b : lf one conslders that a substantlal percentage of part1c1pants

ence on deslgn, the audience for this handbook is potentlally large.

Engineers had, some difficulty recognlzlng the kinds of problems for

_ which the prototype handbook was designed as one'i they ordinarily

encountered, but considered thesg problems to be realistic. - Engine-’

.. er$ con51der ;hezr own data -Spurces al,most as gOod s the prototype
SR handbook but: ‘mtch-less. acce551bIe. o ‘ . -

c.: Those who saw Utlllty in the prototype handbook and are hence _
more likely to use it-are more Likgly to have spemahzed jobs (e.g.;-
humah factors, maintainability, crew station design) than general

- design functions. Those .who'have worked on problems of the type

dealt with by the prototype handbook tended to be ‘more p051t1ve to

.that handbook and are therefore more likely to USEJt . o

4 A number of improvements - {vere recommended by assessment'

participants, 1nolud1ng updating the " data; smipllfylng the Master™. ~ .

- &

.'Index systen}; reducing verbiage .in the tables .and Clarifying the,

o o . implications of the protstype handbook data: These improvements’

are requxred to make.the prototype handbook max1mally useful T
(I ﬁ . PR -

T’hé aSsessmiont was suffxcxently positive to warrant Contining ef- P

§ * ¥ Dforts to develop handbooks and/or data banks of HR data.for use !rj
o . ‘the design of new systems and equxpments s .' . BN

Rogers and Armstrong (1977), in a study examxmng the use .of human engméermg.-',"

standards (the most common of exnstlng formats for’ transmlttlng HF/HR 1nformatxon to'
. p Y .

. ’ . ’ -

e 3190
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de51gners) concluded that- "Ex1st1ng standards appear to have ilttle effect on product

B

rs then went on to suggest tha‘t human engxneermg]HF standards could

, _.
rrrrrrrrrrrrrrrrr © -
-ll

1. Eliminate the use of such. terms as "whenever p6551ble

Yproper feel," "high ‘torque," which are generai in nature or ambigu-

" ous: If the requirement: cannot be expressed in quant1tat1ve or. more

. exacting termmology, do not *include 1t or deflne it as only a
“» guideline: " : :

- 2. Present quantttatlve data in a manner conslstent w1th,L
designer preference (i.e.; graphlcal or p1ctor1al means fll‘St, followed
by tabuiattdns) , v

3. Ehmlnate inconsistencies in data within standards and be-
tween standards. The between standards differences could be reduc-
ed by the-incorporation of all’ government—sponsored human factors
standards into one single standard with applicable sectlons to cover

y + individual agency needs. o .

. Prov1cr € revisions and updat1ng of standards in a more timely
manner; to make current information available to the user. Wlth the
rapidly changmg technology, yearly revisions would seem more’ attro—

pr1ate than the two- to four-year revision cycle of the past.

These suggestlons are probably jUSt as relevant to the development ‘of the proposed

de51gns as to the standards that were the subyect of the cited study:

A parallel study (Rogers & Pegden 1977) which 1nvolved a detaxied analysxs of two.
exlstmg government human englneermg standards and the resuits of a survey of 65

desxgners and human engmeermg spec13rhsts, identified the maJor formattmg and orgam-

_ zatlonal problems that reduced the effectlveness of;, these standards:

,

1z Content’ -
2. Lack of graphic presentations. T
U 34 l:ack of adequate 1ndex1,ng systems. ! . ',\

--;l#;, l:ack of clearly defmed common terms.

i , '1s L L ; )
These same problems 'had been 1dent1f1ed earller (Meister & Farr, '1967; Meister &

nY Su{hvan, 1968) and attempts were made 1o remedy them 1n documents develope'd by

- Melster and Sulhvan 11969) and Reed et. al. (1975) In both of these efforts, some -

g

: attempts were made ‘to 1dent1fy the target audlence for which’ these guxdes should be

.
o .

14 ST




.« - . s - . . . B
- : N >

developed: Although these efforts were largely unsuccessful, it was recognized that all -

r i

system design. personnel do not need the same HR data, and that they do not share the

© ~ R . .
. T

same information _acquxsrtion, storage, and retr1eval organlzatlo,n or structure. . o

- CONCLUSIONS: ' . .

-

The magmtude of the problem of commun1cat1ng HR data to desxgn englneers 1§'well ' .

Fl

recognlzed but 1ts solution is not clearly def1nable. Also, the types of data requxred for -

4

communlcatlng human resources 1nformatlon to englneers are not readily ldent1f1able.

5.

. The followmg questlons remain to answered

1. ‘Who wxll be the primary- users 8f HR information? If they are the behav1oral
spec1allsts who translate these data for other system development personnel the audlence :

for the information is small-and hlghly spemallzed If they are other_ system development . |

perSonnel who use the 1nformatlon to translate the behav1oral mputs d1rectly into"

. ' engxneermg terms, what is the role of the human factors spec1allst in systems develop—-

'ment" Should the Informatlon ‘be addressed to both types of audlencﬁ; Is 1t possxble to

present data for two such different user groups in the same format"

'

2; Is there a subset of system development personnel (e g+ englneerlng spec1altzes,

such as malntalnance, crew system deslgn, etc.) other than human factors specialists, to \_

whom thlS type of 1nformatlon should be spec1f1cally d1rected'7 ‘How -broad should the

targeted aud1ence for this information be'7

3. What. kind of réaction signifies that the intendgd audie'n'ce will in fact make use - -
of this information? What ‘does the developer expect the user to do with this- kind of |
information? o |

4. What is the intended scope of the data to be presented? Although numerous data
bases, hundreds of pubhcatlons, and perhaps thousands of journal articles are avallable,

much of this data are too vague and imprecise to be of value during the }de51gn engineering

process. . - , B :




RECOMMENDATIONS
- - -

1.7 In defmmg the techmques needed to commumcate HR data to desxgn engxneers,

. : . _\\
T research shouid be dtrected toward developmg a better understandmg of how engmeers

-4

B percelve the relatxonshnp between desngn characterlstxcs and resultmg skills 1mphcatxons.

| .2>. Specmc operatlonal defmmons of sT<1lls apphcabte to Navy ratings and pay

.

grades operatmg and mamtammg hardware systems should be developed Such operatlonal

defmmons should be 1n terms and formats readlly understandable to and d1rectly usable by

>

the hardware de51g_n_ers.

i
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